Vector-host epidemic models with direct transmission are proposed and analyzed. It is shown that the stability of the equilibria in the proposed models can be controlled by the basic reproduction number of the disease transmission. One model considers that the dynamics of human hosts and vectors are described by SIS and SI model, respectively, where the global asymptotical stability for the equilibria of the model is analyzed by constructing Lyapunov function, respectively. The other model considers that the dynamics of the human hosts and vectors are described by SIRS and SI model, respectively, where the global stability of the disease-free equilibrium and the persistence of the disease in the model are also analyzed, respectively.
Introduction
Mathematical models of infectious disease have proven to be valuable component for public health planing and responses, as well as an important application of population biology. A simple model may play a significant role in the development of a better understanding of the infectious disease and the various preventive strategies used against it 1-9 . Recently, mathematical models concerning the emergence and reemergence of the vector-host infectious disease have been proposed and analyzed. For example, Esteva and Vargas 10 have investigated an ordinary differential equation compartmental model for the spread of dengue fever. Their results suggested that the disease can be controlled by the threshold parameter R 0 and could persist if and only if R 0 exceeds 1. In 11 , a vector-host epidemic mathematical model with demographic structure has been investigated, where the threshold condition for control of the vector diseases transmission has been obtained and the dynamical behavior of the model is globally performed. Epidemiological models with vector host are numerous in the literature 12-16 , and we also refer the reader to 1-3 for a general reference since they are not detailed here.
Then, we extend the above model by taking into account that the dynamics of the human hosts and vectors are described by SIRS and SI model, respectively. Mathematical analysis of the dynamical behavior of the equilibria in this model is performed. The global stability of the disease-free equilibrium and the persistence of the disease in the model are obtained, respectively.
The paper is organized as follows. In Section 2, a vector-host epidemic model with direct and vector transmissions is presented, where the dynamics of the human hosts and vectors are described by SIS and SI model, respectively. In Section 3, the global stability of equilibria in the model is investigated by constructing suitable Lyapunov function. In Section 4, an extended vector-host epidemic model with direct and vector transmissions is investigated, where the dynamics of the human hosts and vectors are described by SIRS and SI model, respectively. The paper ends with brief remarks.
The Model with Host SIS
In this section, a vector-host epidemic model with direct and vector transmissions is presented and investigated, where the dynamics of the host is described by SIS model. It is assumed that there is no immunity in vector population and host population, and the total host population N H t is partitioned into two distinct epidemiological subclasses which are susceptibles and infectious subclasses, with the sizes denoted by S H t and I H t , respectively, and the total vector population N V t is divided into susceptibles and infectious, with the sizes denoted by S V t and I V t , respectively.
The proposed model satisfies the following assumptions.
H 1 Susceptible hosts can be infected via two routes of transmission, that is, directly, through a contact with an infected individual possibly as a result of blood transfusion , and through being bitten by an infectious vector. Thus, we denote the rate of direct transmission by β 1 so that the incidence of new infections via this route is given by a standard incidence rate β 1 S H t I H t /N H . We denote the biting rate that a pathogen-carrier vector has to susceptible hosts as β 2 , and the incidence of new infections transmitted by the vectors is given again by a standard incidence rate
H 2 It is assumed that the host total population N H is constant. The birth rate and the per-capita natural mortality rate of host are equal, μ. φ is the recovery rate of infective hosts.
The vector total population N V is constant, and η is the per-capita natural mortality rate of vector. The host infectious-to-vector susceptible transmission rate is given by
The dynamics of this infectious disease in the host and vector populations can be described by the following system of nonlinear differential equations:
2.1
The feasible region for system 2. Proof. Linearizing around the disease-free equilibrium E 0 , we obtain the following characteristic equation:
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where
3.7
Since it follows that μ φ > β 1 from R 0 < 1, thus A 0 > 0 and A 1 > 0. So f λ have two negative roots. So, all of the eigenvalues of the characteristic equation 3.5 are negative real parts. Hence, the equilibrium E 0 is locally asymptotically stable in the interior of Γ. This completes the proof of Theorem 3.2. Proof. To establish the global stability of the disease-free equilibrium E 0 , we construct the following Lyapunov function:
3.8
By directly calculating the derivation of L along the solution of 2.2 , we obtain
3.9
Using I H 1 − S H , S * H 1, and S * V 1, we have dL dt Proof. Since the human and vector populations remain constant in Γ, therefore, letting S H 1 − I H and S V 1 − I V , system 2.2 in the invariant set Γ can be written as the equivalent to the following two-dimensional nonlinear system:
3.11
Thus, the characteristic equation of
3.12
Using μ φ β 1 
H , it is easy to verify that B 1 > 0. Therefore, from 3.12 , we obtain that the eigenvalues of J E * have two negative real parts. Therefore E * is locally asymptotically stable for R 0 > 1.
Finally, we shall give the global stability of the endemic equilibrium E * . We have the following results Theorem 3.5. If R 0 > 1, the endemic equilibrium E * of the model 2.2 is globally asymptotically stable.
Proof. Let us construct the following Lyapunov function 
3.15
Since the arithmetic mean is greater than or equal to the geometric mean, we have This completes the proof of Theorem 3.5.
